Abstract
Introduction
Rapid changes in global patterns of health have brought fresh attention to health risks arising in adolescence and young adulthood [1] [2] [3] . These are the peak years for the onset of mental disorders, injuries and reproductive health risks. There is also an emerging recognition that the seeds of later life non-communicable diseases are laid in health risks, such as substance use, obesity and low rates of physical exercise, established during these years [1, 2] . Tied to evidence that the health status of adolescents relative to younger children has improved little in high and middle income countries over the past five decades, there are growing calls for more effective responses [4] .
Primary care has a potentially important role in responding to health risks in young people. Most adolescents and young adults in high and middle income countries attend primary care clinics at least annually [5] and the health risks facing adolescents frequently cluster [6] , resulting in repeated opportunities to address multiple risks. Yet primary care has not hitherto figured prominently in prevention strategies targeting young people [2, 5] . One reason is that young people rarely present to clinicians primarily for assistance with their risky behaviours [7] . However youth report welcoming these discussions if raised sensitively by youth-friendly providers [7] .
Although best practice guidelines continue to call for clinicians to use health care visits as an opportunity to screen for a range of health risks and intervene early or provide preventive health advice [8, 9] , the evidence for this approach is scant [5] . There are many empirical challenges in primary care settings for research investigating the health outcomes of preventive screening. These challenges include achieving sample sizes large enough to detect meaningful effect sizes across multiple health outcomes; poor clinician adherence to intervention delivery; poor adolescent adherence to management plans; the long follow-up periods required to measure the adverse outcomes of risk taking, and; the difficulties of attributing differences in health outcomes to one clinical intervention when the causes of such health risks are complex and multifactorial [10] [11] [12] . Yet in spite of these challenges there are calls for more research to support policy and practice initiatives in this area [10, 11] .
We identified only three earlier randomised trials of screening and counselling interventions addressing co-occurring health risk behaviours in primary care [13] [14] [15] . Two were targeted interventions testing counselling delivered in specialist primary care clinics for HIV affected youth [13] and pregnant youth [14] . Only one, a well care clinic, was conducted in general practice [15] . This study showed only modest improvements in intention to change risky behaviour. Other studies suggest that detection of risk is greater if screening occurs opportunistically during regular visits [16] .
Our prior randomised controlled trial showed that training could change clinicians' behaviour and improve relationships with simulated young patients in simulated general practice settings, but stopped short of examining whether this training could be implemented in real general practice settings and whether health outcomes could be improved as a result [17] .
To address this gap in understanding the potential of primary care in youth health, we conducted a pragmatic cluster randomised trial [18] of a complex intervention delivered in routine general practice, that built on prior work [17, 19, 20] . The trial fulfils the criteria of pragmatic as defined by Zwarenstein and colleagues (2008) [18] , namely: it is an effectiveness trial testing whether the intervention works when used in normal practice; participants are not highly selected, other than being in the appropriate age group; the intervention is applied flexibly as it would be in normal practice; the outcomes are directly relevant to clinicians, patients and funders; and the trial design has direct relevance to clinicians practicing in the usual setting in which the intervention would be implemented. Our intervention involved training sessions for clinicians and practice support staff in youth-friendly care, use of screening tools, feedback from patients, and consultation to practices around the introduction of health risk screening and counselling, opportunistically, with all young people who presented for any reason. The elements of the intervention were selected using evidence-based principles about effective clinician education and practice change [21] . Comparison clinicians received three hours of didactic teaching on youth-friendly care and health risk screening. We hypothesised that the intervention relative to the comparison arm would (1) increase clinician detection of health risk behaviours, emotional distress and abuse (through increased screening/discussion of risks with youth); (2) reduce at least one risk taking behaviour, amongst young people at three or 12 months post-consultation; (3) and would be acceptable to young people. The two time frames were included because individuals vary widely in their time to behaviour change [22] and also to capture whether any changes observed at three months were sustained at 12 months. In this paper we report on the main outcomes of the trial. Our intervention, with several interacting components, qualifies as a complex intervention [23] implemented in the real life complex system of primary care [24] and therefore, in keeping, has more than one primary outcome [23] . An economic evaluation was also conducted and parental and staff attitudes toward the intervention measured. These will be addressed in separate papers.
Methods

Study design and participants
The detail of our trial protocol has been previously published [25] . Briefly, we used a stratified cluster randomised design and enrolled general practices and their young patients between June 2007 and July 2011 (S1 File), consistent with CONSORT guidelines [18, 26, 27] . Data were collected on two distinct samples of young people from the same practices. First, a crosssectional sample of young people presenting within a two week period to each participating practice was recruited prior to randomisation and these young people completed the 'profile exit interview' but were not followed up over time. The purpose of the 'baseline profile sample' was to obtain a snapshot of the demographic details of young people consulting with the clinician before practices were randomly allocated to their study arm status. The second sample formed the study cohort of young people recruited from the same practices post-randomisation, around three months post-intervention, and were followed up three and 12 months later to measure outcomes. The specific dates for the phases of the trial depicted in the S1 File are as follows: practice recruitment and recruitment of baseline profile sample and completion of the was the unit of randomisation to minimise the risk of contamination if clinicians and practice staff were in contact with patients from both arms. Our primary outcomes were patient report of: (1) clinician detection during the consultation of at least one of six health risk behaviours (tobacco, alcohol, and illicit substance use, risks for sexually transmitted infection [STI] and unplanned pregnancy, and risks to road safety), and (2) change in one or more of the six health risk behaviours, at three months and at 12 months post-consultation. Secondary outcomes were young people's likelihood of returning [28] , trust in the clinician [29] , and patient acceptance of a screening tool. We were also interested in whether training in a broad health risk screen that included mental health and safety would result in detection of more individuals with emotional distress and who had experienced fear or abuse in family or intimate partner relationships, and whether there would be any changes in emotional distress at three and 12 months post-consultation. The intervention had two main components operating at the practice level: nine hours of experiential workshops and two practice visits (see S2 File for details of the intervention). Comparison clinicians received one three-hour seminar on youth-friendly care including recommendations to discuss health risks with young people.
All practices in 15 urban (N = 1213 practices) and eight regional (N = 278 practices) divisions in Victoria, Australia [30] , were exposed to advertisements for expressions of interest in being involved in the research either via newsletters, direct mail out or phone calls. Eligible practices required at least one clinician (general practitioner [GP] and/or practice nurse [PN] ) to take part. Young people were eligible if aged between 14-24 years and attending a study clinician, and excluded if severely physically or mentally unwell, unable to read or speak English, or if judged an immature minor without parental consent [25] .
Clinicians for both the baseline profile sample and cohort sample (S1 File) were instructed to assess all their patients aged 14-24 years for eligibility and to ask eligible patients for permission to forward their telephone number to researchers to hear more about the study. Clinicians also handed patients an information pack including a health issues service directory and completed an encounter form on each patient which included presenting reason, diagnoses and management. Intervention clinicians documented use of the study designed screening tool or another form of risk assessment. Research assistants (RAs) phoned patients as close as possible to their consultation to obtain informed consent and proceed with a Computer Assisted Telephone Interview (CATI); the 'exit interview.' Research staff monitored the number of 14-24 year old patients attending the practice weekly compared to the number assessed by GPs for eligibility and found that clinicians in both arms failed to consecutively approach every eligible patient, thereby considerably lengthening the time required to recruit a sufficient number of young people needed for the cohort sample to be followed up at three and 12 months. Hence from 28/7/2009, RAs were placed in the remaining eight intervention and seven comparison practices to systematically approach eligible young people, following the same procedure as the clinicians [25] . We documented the changes in patients approached per week before and after the introduction of RAs for the first six of the practices to receive RAs (three intervention and three comparison). It had taken a total of 798 days for clinicians to approach 61 patients, (0.5 patients per week) compared to 134 days in these same practices for RAs to approach 126 patients (6.6 patients per week).
Outcome measures are summarised in the supporting information (S3 File) and detailed elsewhere [25] . The six health risk behaviours, emotional distress and abuse were defined using a combination of expert clinical opinion, instrument cut-off scores and national longitudinal population data (S4 File) [31, [32] [33] [34] . Clinicians poorly documented their assessments of the young person's risk status in encounter forms. Instead, we defined a clinician detected risk if the young person reported in the exit interview that they had discussed the risk with their clinician and they also reported that they were engaging in that risk.
Randomisation and masking
An independent statistician, otherwise not involved with the study, generated a random allocation sequence in STATA [35] stratified by postcode level advantage-disadvantage socio-economic scores [36] (dichotomised into low versus middle/high tertiles) and type of practice (private billing, free national health funded, and community health centres) forming six strata. Block randomisation with fixed block sizes of two was used within strata [25] . Practices were assigned unique identifier codes so that the study statistician (PC) analysing the trial data was masked to study group allocation. The independent statistician notified the trial coordinator (BG) of the practice's study arm allocation, who then notified the practices about their allocation after the baseline profile data were collected on the sample of young people attending the practice.
The allocation sequence was fully protected until the 12-month follow-up was completed.
The different training received in intervention and comparison arms precluded masking practices to their study allocation; to obtain fully informed consent for participation, clinicians required information about the potential commitment to training in both study arms. The RAs recruiting and consenting patients and conducting CATIs were masked to practice allocation. Patients were not informed of the practice allocation in any researcher communication.
Statistical analysis
Sample size was calculated for clinician detection of one or more risky health behaviours assuming 80% power and 5% significance level for a two-sided test. Due to slow clinician recruitment, our revised hypothesised effect size (detailed elsewhere [25] ), was 12Á5% for clinician detection of a risk behaviour. We assumed that 40% of youth attending general practice have psychosocial risks and that trained GPs at best will detect 60% of these with interview alone [37] , equivalent to 24% of all presenting youth. We expected intervention clinicians to detect 91% (i.e. a further 31% to the 60% in the comparison arm) of risk taking youth, equivalent to about 36.5% of all presenting youth. To detect this 12Á5% difference in detection between the study arms we required 20 practices and 360 youth (18 per practice) in each arm, assuming an intra-clinic correlation (ICC) of 0Á04 [38] . This sample size was also sufficient to detect a 15% difference between the two study arms on the alcohol use behaviour assuming 41% of youth use alcohol in the comparison arm and an ICC of 0.07 [25, 39] with 80% power (5% significance level, 2 sided test). Smaller risk differences for individual health risks between arms could be detected for less prevalent health risk behaviours (e.g. substance abuse = 38%, tobacco use = 24%) [39] and for less conservative values of the ICC for health risks (0.01 and 0.04). See Table 2 in protocol paper for details [25] . The total sample size was increased to 1,260 youth (30 per practice) from 42 practices to allow for loss of practices [40] and for 40% loss to follow-up of young people over 12 months [41] .
Descriptive statistics were used to compare practice, clinician and young people's characteristics between study arms. ICCs for outcomes were calculated using one-way analysis of variance. Analyses used an intention-to-treat approach. First, a complete case analysis that included all available data was conducted which was valid under the assumption that the data are missing completely at random. Sensitivity analyses were then conducted to assess the robustness of the missing data assumption using multilevel multiple imputation approach (See S5 File for full details). Linear regression was used to estimate the difference in mean outcome between arms for continuous outcomes. Generalised linear model, specifying the binomial family with either the identity, log or logit link function, was used to estimate the risk difference (RD), risk ratio (RR) and odds ratio (OR) for binary outcomes, respectively. Relative risk reduction (RRR) was calculated using (1-RR) x100. Multivariable regression was used to adjust for the stratification variables, patient recruitment by the clinician or RA, patient sex and age and baseline risk factor status where appropriate. Estimates were reported with 95% confidence intervals (CI) and p-values. Generalised estimating equations with robust standard errors were used with all regression analyses to adjust for the correlation of outcomes within practices and where applicable repeated outcome measures over time, provided the estimated ICC for the fitted model was non-negative. Analyses were conducted using Stata 13 [35] .
Ethics approval
The study obtained ethics approval from the Health Sciences Subcommittee of the University of Melbourne Human Research Ethics Committee for the project 'Health risk screening and counselling of young people in primary care: a cluster randomised controlled trial', Ethics ID 0709280, with amendments 0709280.1, 0709280.2, 0709280.3 and 0709280.4. The Melbourne Human Research Ethics Committee approved all our consenting processes which were as follows (any further detail or the applications themselves will be made available on request). Clinicians or RAs approaching patients for permission to pass their preferred telephone number to CATI RAs for the full consenting procedure noted on recruitment ledgers that patients consented to provide their preferred telephone number and a consent form was also signed for this. This was classified as minimal risk research therefore we were able to consider the consent of mature minors, without guardian consent. When the patient was a minor (14 to 18 years) and was attending without a guardian and did not want their guardian to be aware of their visit, consent for this process was accepted only if the clinician assessed the patient to be a mature minor. If the minor was attending with a guardian, written and verbal guardian consent Table 2 . Young people's characteristics in the baseline profile (N = 389) and cohort (N = 901) samples by study arm. was also obtained. If the minor was not judged to be mature and was either alone or refusing to inform guardians, he/she was excluded from the study. A formal consenting procedure was undertaken by the CATI RAs who outlined the details of participation on the phone because this process was felt to take too long to explain and be too disruptive to flow of patients to perform in the practice and also patients would be free to consider participation or not without any potential influence from practice staff. This consent was therefore verbal consent and was recorded formally in the CATI process on the web-based survey instrument. Participants aged 14-18 years, who were deemed to be mature minors by the clinician, were also consented in this way. CATI RAs also obtained and recorded verbal consent from guardians of 14-18 year olds who had attended the practice with the adolescent. Verbal consent was again checked and recorded in the survey from each previously consented patient by the CATI RA before proceeding with the actual interview itself and before each of the three and 12 month follow-up interviews, which were also performed by telephone (usually mobile phone).
Results
Trial flow and participant characteristics
We approached 357 practices that expressed interest in the trial until 42 consented to participate [25] . Fig 1 shows the trial profile for the young people recruited post randomisation and followed up at three and 12 months. Two intervention arm practices withdrew post-randomisation but pre-intervention, leaving 19 intervention (53 clinicians, 377 patients) and 21 comparison (79 clinicians, 524 patients) practices. No further practices withdrew but one intervention practice had no young people complete the 12 month CATI. Attrition rates of young people over time were similar between the two arms (Fig 1) . The demographic measures and self-reported health risks of young people lost to follow-up did not Abbreviations: RA = Research Assistant; GP = General Practitioner; PN = Practice Nurse; Totals vary due to missing responses; Note: Profile refers to the cross-sectional sample of young people recruited from practices prior to randomisation whereas the cohort sample were the subjects of the trial recruited post randomisation and followed up at three and 12 months. see S1 File. * 312 young people in the intervention arm and 485 young people in comparison arm were seen by the study enrolled GP only; 65 young people in the intervention arm and 34 young people in comparison arm were seen by the study enrolled PN only; 5 young people in the comparison arm were seen by both the study enrolled GP and PN. † Intra-cluster correlation (ICC) estimated for health risk factors of cohort at exit interview for each arm using one way analysis of variance; ICC values not shown were truncated at zero. differ between arms (S5 File). Baseline characteristics of clinicians were similar in both arms (Table 1) except intervention practices tended to be smaller with older and fewer female GPs. Around 60% of GPs in both arms had prior training in young people's health, but more intervention PNs reported prior training. Compared to Australian general practices, the proportion of urban practices was greater in our sample (80% vs 72%) [42] , as was the proportion of GPs that were female (51% vs 39%) [43] and under 45 years old (49% vs 28%) [44] . There were fewer solo practices in our sample (15% vs 21%) [45] . Participation in their respective training was generally high for clinicians in both arms. Of the 31 intervention GPs, 29 (94%) attended at least one of the three training workshops and 74% attended all three, whereas 47 of 59 (80%) comparison GPs attended their single training session. Of the 22 intervention PNs, 16 (73%) attended any training and 11 (50%) attended all three sessions. Fifteen of 20 (75%) comparison PNs attended their single three hour seminar. Sixteen of 19 (84%) intervention practices took up training for practice support staff (PSS). All 19 intervention practices received two practice visits, including feedback of patient data.
The distribution of young people's characteristics and health risks ( Table 2) was similar between the profile (pre-randomisation, N = 389) and cohort exit interview (post-randomisation, N = 901) samples, and between the study arms for each sample. The exceptions where the intervention arm differed from the comparison were a higher proportion of patients in both samples aged 18-24 years, fewer in the cohort sample born in Australia, and more recruited by the RA. Overall about 87% of participants in both study arms reported having at least one of the six health risk behaviours at the exit interview, the most prevalent being road risks and then tobacco and alcohol use in the last 12 months. Similar to Australian national data [47] the most common reasons for presentation were for physical health issues, a checkup or administrative processes.
Clinicians' detection of health risks in young people
Overall, intervention clinicians had more discussions with young people about their health risks (60%, 222/372 vs 53%, 272/516) and were more likely to discuss a greater number of health risks with each young person than comparison clinicians (S1 Table) . In particular, they were more likely to discuss tobacco, alcohol and illicit drug use, road risks, and fear and abuse in relationships (S2 Table) . There was no evidence to support differences between arms in discussion of sexual health risks and emotional distress. Table 3 shows the proportion of risk factors that may have been detected by the clinicians when they discussed a risk factor and the young person also reported engaging in the risk. Intervention clinicians may have detected a higher proportion of young people with at least one of the six health risks than the comparison clinicians (unadjusted risk difference [RD] 11.6%, 95%CI: 2.93% to 20.3%) and is in line with our hypothesised risk difference of 12.5%. This difference between study arms seems to be driven mainly by increased detection of alcohol use and road risks. Although nearly 80% of young people reported having at least one of the road risks in both arms (Table 2) , only 10.2% (38/372) of young people reported discussing road risks with the intervention clinicians and fewer in the comparison group (1.4%, 7/515) (S2 Table) and this is reflected in the small proportion of young people detected with the road risks; 9.4% in the intervention and 0.6% in the comparison arms.
Young people's health outcomes
Young people's risk taking behaviour and emotional distress at three and 12 month follow-up post-consultation are reported in Table 4 . A smaller proportion of youth in the intervention arm versus comparison arm reported illicit drug use in the last month at the three month (9% Fig 1. Trial Profile of practices and cohort sample. * Young people were ineligible if they were: unable to speak English; physically or mentally unwell; or, under 18 years old, judged by clinician to be incompetent to make an informed decision for participation in minimal risk research and unable or unwilling to obtain parental consent. † Never had contact (wrong phone number, too many attempted phone calls, or responded more than three weeks post consultation and were therefore too delayed to participate). ‡ A small number of young people completed the baseline survey and 12 month follow-up CATI but did not complete the three month CATI because they were too busy, away or not contactable during this time. § Denominator used to calculate the percentage is the total number of young people who consented and completed exit interview. ¶ One practice had no young people complete the 12-month CATI.
doi:10.1371/journal.pone.0137581.g001 vs. 15%) and 12 month (10% vs. 16%) follow-ups. This corresponded to an unadjusted RRR in intervention compared to the comparison arm of 39% (95% CI 7% to 60%) and 40% (95% CI 7% to 62%) at three and 12 months respectively. There were also fewer intervention youth reporting risks for STI at three months (14% vs. 20%) and for unplanned pregnancy at 12 months (6% vs. 10%), corresponding to unadjusted RRRs in the intervention compared to comparison arm of 28% (95% CI -2% to 49%) and 45% (95% CI 0.5% to 69%) respectively. Analyses using multiple imputation for missing data for young people's health risks gave similar results, see Table 5 .
Secondary outcomes
The likelihood of returning for future visits and rating of trust in their clinician were the same in both arms; with both measures rating highly (S6 File). There was no evidence to support differences between arms in discussion (S2 Table) or detection of emotional distress (Table 3 ) or in presence of emotional distress at three or 12 months post-consultation (Tables 4 and 5 ). About 22% of young people 17 years and older reported fear or abuse in a relationship in both arms at the exit interview (Table 2 ), but this was seldom discussed during the consultation (7.2% (23/318) in intervention and 1% (4/413) in comparison arms (S2 Table) .
The method of psychosocial health risk screening adopted by intervention clinicians was recorded in encounter forms for 75% (263/352) of recruitment consultations. The 'pragmatic' nature of the intervention was evident in that the study-designed screening tool was used in 30% (106/352) of consultations in the eight clinics that adopted the tool, while in 43% (151/ 352) of consultations, clinicians reported they screened verbally using the HEADSS framework Table 3 . Clinicians detection of risk-taking behaviours of the young person at the consultation measured at the "Exit interview" in the cohort sample of young people (N = 901).
Intervention (N = 377)
Comparison Abbreviations: OR = Odd ratio; CI = Confidence Interval; P = P-value; STIs = sexually transmitted infections; Totals vary due to missing responses. * Detection of risk factors: YP reported that the issue was raised and/or discussed during the last consultation and reported having the health risk; issues discussed at previous consultations were coded as "No." § Estimated OR adjusted for SES of the practice location, practice billing type, sex and age of young people, recruitment method of young people. † Intra-cluster correlation (ICC) estimated using one way analysis of variance; ICC values not shown were truncated at zero. ‡ Estimated OR calculated using marginal logistic regression using generalised estimating equations with robust standard errors to adjust for clustering at the clinic level. ** Analysis does not adjust for clustering at the clinic level because estimated ICC for fitted model was negative. 
0Á45
Abbreviations: RD = Risk difference; OR = Odd ratio; CI = Confidence Interval; P = P-value; STI = sexually transmitted infection; Discrepancies in totals due to missing responses. ‡ Estimated OR adjusted for socio-economic status of the practice location, practice billing type, sex and age of young people, recruitment method of young people and where indicated long term health risks measured at exit interview. * Estimated RD calculated using generalised linear regression with identity link function using generalised estimating equations with robust standard errors to adjust for clustering. † Estimated OR calculated using marginal logistic regression using generalised estimating equations with robust standard errors to adjust for clustering at the clinic level. § Adjusted for presence of this health risk in the 12 months preceding recruitment (long term health risk), measured by self-report at exit interview; Note:
Illicit drug use includes cannabis use or/and other illicit drugs. ** Not adjusted for clustering at the clinic level because the estimated ICC for fitted model was negative.
doi:10.1371/journal.pone.0137581.t004 [49] . Of the young people who responded that they completed a 'lifestyle questionnaire' in the intervention arm, 89% (93/105) rated it a 'good idea', 11% (12/105) were 'unsure' and no-one rated it a 'bad idea'.
Discussion
In this study we set out to test whether implementation of a complex intervention to encourage screening/discussion of psychosocial issues with all young people presenting and responding to health risk behaviours with motivational interviewing approaches in primary care might favourably shift adolescent health risks, including those for later life non-communicable disease. The intervention, with evidence-based components in clinician and youth behaviour change, compared to the didactic training delivered in the comparison arm, changed the interaction between clinicians and their young patients such that it included greater discussion of health risk behaviours and abuse in relationships, which contribute to disease burden, and may have resulted in greater detection of these health risks. However, there were still around 40% of Abbreviations: OR = Odd ratio; CI = Confidence Interval; P = P-value; STI = sexually transmitted infection †Estimated OR adjusted for socio-economic status of the practice location, practice billing type, sex and age of young people, recruitment method of young people and where indicated long term health risks measured at exit interview * Estimated OR calculated using marginal logistic regression using generalised estimating equations with robust standard errors to adjust for clustering at clinic level ‡ Adjusted for presence of this health risk in the 12 months preceding recruitment (long term health risk), measured by self-report at exit interview; Note:
Illicit drug use includes cannabis use or/and other illicit drugs. consultations where none of the six common health risk behaviours were discussed. There was some evidence for a reduction in illicit drug use and taking precautions against STIs at three months and against unplanned pregnancy at 12 months in the intervention arm compared to comparison arm. Differences between arms were not however found across other health risks particularly emotional distress and road risks. There was low probability of harm from the intervention, given that youth in both arms highly rated their likelihood of returning and trust in their clinician, and that, consistent with other research [50] , the majority supported the screening tool.
In spite of the empirical challenges in measuring health outcomes from preventive interventions in primary care, our study has strengths. It is the first pragmatic cluster randomised trial of a clinician training intervention targeting prevention for multiple health risks in young people in the complex setting of primary care where they are most likely to present for health care in many countries. Prior studies of training and tools promoting screening and counselling during planned well care visits in general paediatric clinics showed increased paediatrician discussion of health risks; however these were not randomised controlled trials [20, 51] . Two of three trials of behavioural interventions addressing multiple health risks in primary care settings have occurred in specialist primary care (antenatal [14] and HIV [13] ), and have only enrolled participants with certain risk factors, hence the 'screening component' was conducted by the researchers and the interventions more targeted [13, 14] . These trials reported that more intervention participants had resolving health risks over time [14] or remained in a low risk group over time [13] . The only other trial in general practice invited 16 year olds to attend the practice for well care visits to discuss health risks with PNs [15] . Our trial is the first to test the combination of clinician screening and counselling delivered opportunistically to young people attending community-based general practice, where clinicians consult across the life course, and during consultations where young people present mainly for acute physical reasons rather than well care visits.
Further strengths of our study include randomising practices instead of young people to minimise the risk of contamination where the clinician may inadvertently expose the young person allocated to the comparison arm to all or part of the intervention and the masking of young people and RAs to intervention status to minimise response and selection bias [26] . Our trial also had a lower than predicted (30% vs 40%) 12 month attrition rate and higher response rates at three and 12 months compared to the only other general practice trial [15] . Participation and attrition rates were balanced between arms, with similar reasons for withdrawal, thus the likelihood of bias in the estimated intervention effects for the risky behaviours was low. This was further supported with the results from the multiple imputation analyses that corrected for any bias in the intervention effect under the assumption that data were missing at random given the observed covariates.
The strength of the trial in examining real world effects of a recommended practice to screen and intervene with young people across multiple health risks is also one of its greatest limitations, in that there are multiple primary outcomes carrying a higher risk of significant findings by chance alone [27] . However, in keeping with other complex interventions, a single primary outcome would have been inadequate to capture the multifaceted nature of the intervention [23, 52] . Arguments for statistical adjustment in the case of multiple outcomes assume that each outcome occurs independently of the other outcomes [52, 53] . However, this is not the case in our study because health risk behaviours usually co-occur in young people [6] and clinicians may also discuss more than one health risk during a consultation. Opponents of statistical adjustment in this scenario highlight the risks of negating potential effects [53] . With the exception of road safety and emotional distress, the risk differences for other risky behaviours were in the same direction indicating that an intervention effect is possible, albeit small, across the individual risk factors. However, our trial was underpowered to detect the small risk reductions observed in the more prevalent tobacco and alcohol use risk behaviours and to detect reductions in the degree of risk taking; we could only examine whether a young person reported engaging in the behaviour or not. Illicit drug use and unprotected sex were less prevalent risks thus the intervention effect was estimated with greater precision and there was more power to detect smaller risk reductions. We chose two time points to measure the effect of the intervention, at three and 12 months to capture immediate and longer term effects, but this also increased the number of outcomes. It is unclear why the changes in sexual health risks were not consistent from three to 12 months. In all, the impact of our intervention on health outcomes is minimal, or in light of the multiple outcomes, inconclusive, with only illicit drug use and risk for unplanned pregnancy being reduced at 12 months (Table 5 ). The only other trial in general practice that tested a universal intervention for all 16 year olds attending the practice also showed minimal impact on health outcomes with concerns about study power and large drop out over 12 months [15] . It has been suggested that sample sizes necessary to demonstrate whether office-based clinical preventive screening and counselling of young people would be effective and efficient found that these could be prohibitive, and instead recommended these services are implemented based on best-practice knowledge and efficacy studied only as part of widespread implementation [12] .
There was potential for selection bias in the post-randomisation sample of young people because clinicians in both arms were not masked to the intervention status of the practice and were not systematically approaching all young people they consulted. This raises the possibility that intervention clinicians may have biased selection by approaching youth they had screened differently to the comparison. However, we believe that the youth recruited in the two study arms are comparable. First, the proportion of young people engaging in risk taking behaviours at exit interview was similar in both arms of the trial for both the pre-randomisation and postrandomisation samples, indicating that differential selection bias between the two study arms was unlikely in our study. There was also no differential non-response across both arms of the trial. Secondly, intervention clinicians received more help from RAs who were masked to the study arm status and were systematic in their approach to all eligible patients attending the study clinicians whereas comparison clinicians, who also had training on health risk screening, recruited more patients unassisted and had more potential to select participants with more risk taking behaviours that they had screened. If this was the case, the intervention effect on whether the clinician discussed the risky behaviours with the young person would be diluted. Thirdly, over 40% of those approached by clinicians in both arms did not consent to participate when recruited by the CATI RA, who was masked to the study allocation, which suggests that any significant selection bias by the clinician is unlikely. Finally, we adjusted for recruitment method in all analyses. Imbalance in the number of young people recruited in each arm may be indicative of a selection bias. However, this imbalance is more likely to be due to the different number of clinicians that recruited in each study arm (53 in intervention and 79 in comparison). This is further supported in that the average number of patients recruited per clinician in each study arm was similar (7.1 intervention and 6.6 comparison). The difference in the number of clinicians between the arms may be partly explained by the two fewer intervention arm practices however it is more likely that the imbalance occurred by chance as practices were randomly allocated to study arms after clinicians had agreed to take part and had completed their baseline assessments.
Most participating clinicians had an interest in young people's health, as reflected in most having past training, which restricts the generalisability of our findings to such practices. Our earlier work, using similar techniques to train clinicians, also demonstrated shifts in clinician behaviour in an era (1996) when very few had prior training in adolescent health [17] . This suggests that the current intervention could be used in other settings with less primed clinicians. Patients in Australia are not confined to one practice and can choose where to attend; we anticipate practices in real life are therefore more likely to select training based on the needs of their patient population. The number of practices recruited from those expressing interest is typical of participation rates in other Victorian general practice cluster randomised trials [54, 55] . The minimal training offered to comparison clinicians may have served as a refresher, given most had prior training, and enhanced their practice with young people, hence attenuating the intervention effect. We are unable to report on demographic characteristics of young people who were eligible but declined to provide contact details to researchers.
A further limitation was the young people's self-reported measures on clinician discussion and on risk taking. In determining clinician detection of health risks, based on the concordance between young people reporting they are engaging in the risk behaviour and that they discussed this with the clinician, we have assumed that the young person disclosed the risk during that discussion and that the approaches the clinician used in this discussion were based on a motivational interviewing style, but we cannot know this for certain. In addition there may be recall bias where the young person in either arm may have under-reported discussions that actually took place or may not have reported their own risks during the exit interview. The proportion of young people using drugs detected by clinicians was similar in both arms (Table 3 ) yet intervention clinicians discussed illicit drugs in nearly twice as many consultations as comparison clinicians (15%, 55/377 vs. 8% 40/524; S2 Table) . Given that fewer intervention youth compared to comparison youth reported using illicit drugs at three and 12 months post-consultation, it is possible that some young people did not report their drug use at the exit interview; an alternative possibility is that broader ranging discussion of psychosocial issues is helpful in reducing this risk. Even acknowledging these limitations, the exit interview has been shown to be a valid method of capturing discussions of health risk up to two months after the consultation [56] .
The absolute risk reduction observed in illicit drug use remained robust even in the imputed data, suggesting that the effect observed is not because those lost to follow-up were more likely to be using drugs. This difference in drug use by arm, while small, could be considered clinically important in the context that most young people access a primary care clinician at least annually which suggests there is potential to make a large difference at a population level if every visit included a preventive approach. Longer follow-up time would be necessary to test for any cumulative effects on individuals' behaviours after successive visits to the practice with exposure to repeated discussions about health.
Our intervention had no impact on road safety behaviours. We did not have a validated tool to measure road risk so our study-designed measures for a number of road risks may have been insensitive to change. Other clinical intervention studies demonstrate improvements in helmet wearing by cyclists [51, 57] but have not examined effects on risky driving; this area requires further research.
The lack of impact of the intervention on emotional distress may reflect that management of mental health issues was not a specific focus of the intervention. An effective intervention might have included specific training on evidence based management of depression in young people such as cognitive behavioural therapy [58] . The use of diagnostic instruments for disorder may also be preferable to detect change in mental health status rather than the screening test used in our study.
In the US where guidelines for adolescent preventive services have been in place for the past two decades, adoption of screening by clinicians remains suboptimal especially for mental health risk, which occurs in around 30% of adolescent well care visits [59] . In our study, adoption of the study screening tool, designed to make screening and discussion of risk more systematic and time efficient, was low and overall rates of discussion of each health risk were low. Research on acceptable technologies hold promise for enabling time efficient, systematic screening that enables clinicians to target their interventions, however, methods for sustained and routine implementation of these in practice and the impact of these technologies on health outcomes still require testing [60] . Other studies have used system change interventions over 12 months, in contrast to our brief three-month timeframe, for training and two practice visits, to successfully embed preventive care models for other conditions such as Chlamydia screening, in primary care practices [51, 61] . General practice annual preventive health assessments for other age groups in Australia (e.g. four year olds, 45-49 year olds and over 75 year olds) are funded through national health care, which at least removes financial barriers to the longer consultations required for risk screening [62] . However systematic evaluations of the effect of these activities have been lacking [63] .
In the global drive toward universal health coverage, adolescents remain the most neglected age group [64] . One reason has been that adolescents often do not bring their major health needs to clinical encounters. Testing the effectiveness of a complex intervention addressing multiple health issues in the complex setting of primary care where young people are screened opportunistically is challenging, yet these holistic approaches are necessary to address hidden health needs. Our trial has provided inconclusive evidence for improved health outcomes, however it does show that a high proportion of young people attending primary care services are engaging in health risks and that with an intervention there are shifts in clinician behaviour and promising indicators that shifts in young people's risk taking are possible. Our intervention would be strengthened by technology enabling efficient, engaging and systematic health risk screening and detection, so providers could target counselling toward higher risk individuals, and by adding specific components for managing emotional distress. Our economic evaluation is pending. Larger trials would be needed to replicate our findings and to substantiate the smaller reductions we observed in risk taking for the more prevalent tobacco and alcohol use. Ideally future research would identify a single outcome depicting global health risk. We believe our results lend support for accepted best practice in consulting with adolescents [8, 9] and for the potential of preventatively oriented primary care to better meet the health needs of young people.
Panel: What This Paper Adds
What is already known on this topic
• Behavioural counselling across a range of health risks, targeted to young people with specific health risks attending specialist primary care services (antenatal or HIV clinics) have been shown to lower health risks.
• Studies of training and system interventions for primary care clinicians have been shown to improve preventive screening practices during well care visits and in simulated consultations.
• However no studies evaluate the combination of screening for a range of psychosocial health risks and counselling delivered by family doctors and nurses in real world general practice settings, for any and all youth attending general practice for any reason.
What this study adds
• This trial provides evidence around the potential of primary care to respond to the health needs of young people through screening and counselling across a range of prevalent health risks, during typical consultations, in real world general practice, however impact on health outcomes is inconclusive.
• Larger trials are required to detect reductions in the more prevalent health risk behaviours such as tobacco and alcohol use and longer follow up times will detect any cumulative effects of repeated health discussions delivered in primary care over time.
• The intervention would be strengthened by technology which enables efficient, preventive screening and counselling of youth at risk more systematic and routine work in general practice. Interventions also need to include specific training in responses to emotional distress alongside responding to health risk behaviours. S5 File. Missing data and assumptions. This file describes the characteristics of young people participants who were lost to follow-up during the study and how they differ from those remaining in the study for both arms of the trial. It also details our missing data assumptions and our approach to missing data at three and 12 months using multiple imputation. Table. Number of health risks discussed by clinicians with young people at their last visit by study arm. The Table summarises the number of health risks out of the six (tobacco, alcohol and illicit drug use, risk for unplanned pregnancy, risk of STIs and road risks) reported by the young people as having been discussed with their clinician at the last visit by study arm; Sixty percent (222/372) of clinicians in the intervention arm discussed at least one risk factor compared to the 53% (272/516) in the comparison arm. The number of risky behaviours discussed at one consultation was higher in the intervention arm than in the comparison arm. (DOCX) S2 Table. Clinicians who raised or discussed the health issue with the young person at the consultation. The Table shows clinicians' likelihood of discussing the six health risk behaviours, emotional distress and fear and abuse in relationships with young people. Intervention clinicians were more likely to discuss tobacco, alcohol and illicit drug use, road risks, and fear and abuse in relationships. There was no evidence to support differences between arms in discussion of sexual health risks and emotional distress.
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